Interesting properties of metal foams such as light weight, good energy absorption and low thermal conductivity, have promoted the development of new processes to improve properties without sacrificing productivity. This study aims to verify the uniformity pore distribution in an aluminum alloy foam obtained by Casting -Dissolution Process, using a nondestructive analysis. In order to evaluate mechanical properties of a metal foam using computational numerical models, the use of a small reconstructed section of the sample representing an entire volume of metal foam, was validated. In conclusion, it was possible to determine that all parts of the sample have the equivalent superficial area and volume.
INTRODUCTION
Metal foams have several remarkable properties that make them suitable for many engineering uses. They are frequently used in different fields such as lightweight sandwich manufacturing, packaging and crashworthiness, because of their energy dissipation capability and their thermal and acoustical properties, which are still under study [1] [2][3] [4] . Different methods are proposed to get porous metals, starting from vapor phase on polymeric preforms, metal powder mixed with foaming agents, electrodeposited from an aqueous solution, injecting gas in the liquid metal or metal casting and infiltration on preforms [4] [5] . It is known that the properties of metal foam and other cellular metal structures depend on the properties of the bulk metal as well as the homogeneity of the structural features such as: cell topology, relative density, cell size, cell shape and anisotropy, which in turn depend on the manufacturing method [6] [7] .
Several authors had shown limited number of methods to produce open cellular structures that allow obtaining uniform pore distribution. Zhao, et al. [8] , developed the lost carbonate sintering process (LCS) for manufacturing metal foams with space holder technique and evaluated the cell structure using a visual analysis with SEM micrographs. They found the foam exhibits uniformly distributed open cells. Surace, et al. [7] implemented the Sintering-Dissolution Process (SDP), another space holder technique that uses watersoluble materials that allow controlling the cell shape, cell size and porosity. They measured the morphological parameters in a 2D cross section by an image software tool from the obtained samples that were longitudinally sawed cut with diamond blade [7] . Both, the foam structure and the pore morphology, depend on the fabrication method. In general, the SDP technic produces homogeneous foams, but it has not been established if every obtained sample has uniformly distributed pores, in a way that it can be concluded that a small portion of the sample is representative for all the volume in the mechanical response as well as in its geometry.
Thus, the aim of this work is to verify the pore distribution uniformity in an aluminum alloy foam obtained by Casting -Dissolution Process, using a nondestructive analysis, in order to validate the use of a small reconstructed section of the sample like a representative volume to evaluate mechanical properties of the metal foam using computational numerical models.
MATERIALS AND METHODS

Metal foam samples processing
Casting-Dissolution Process was used to manufacture the aluminum foams. To make the preform, NaCl particles were sieved to obtain controlled sizes of 2.0 mm, 1.0 mm and 0.5 mm, then they were put into a cylindrical steel mold, and finally were infiltrated with the AlSiMg liquid aluminum alloy under vacuum pressure and at temperature of 700°C. Al/NaCl composites of 10 cm in diameter and 8 in height were obtained. In order to reveal the porous structure, the salt was removed by water. This manufacturing method allows the porous to be present in all direction and with irregular shape replicated from the NaCl particles; so there is an inherent complexity in the structure geometry, where the porous are uniform but with random distribution.
Visualization, segmentation and morphometry
Different methods of visualization, segmentation and morphometry to analyze the geometry of foams are available. Due to the cell structure damage could be caused using destructive test, it was decided to do a nondestructive technique that allows to acquire detailed, quantitative, geometric datas from the three samples. X-ray micro-computed tomography (μCT) was employed to obtain the required images.
The µCT system used for the tomography of each sample consisted of a micro-focus 150 kV Hamamatsu X-ray source with a tungsten target and a flat panel detector C7942. A 100 kV filament voltage and a current of 100 µA were used. Using a source-sample distance of 77.5 mm and a source-detector distance of 298 mm, it was achieved a magnification factor of 3,8 and a pixel size 13 mm. Additionally, the aluminum foams structure was examined by optical microscopy (Leica DMLM) and scanning electron microscope (JEOL JSM-6490LV SEM) to evaluate how the cells are interconnected.
Recent observations using X-ray μCT showed up the feasibility of the 3D reconstruction and basic measurements on X-ray tomography and prove that this technique is suitable for the investigation of the microstructure of foams, because it enables to obtain a real image of the inside [9] , [10] .
The X-ray μCT images were manipulated using specialized software, Mimics®, from which geometric information including strut length and pore shapes were extracted. 
Porous distribution analysis
As mentioned before, the major parameters to characterize the architecture of a cellular material are the global density and its fluctuation in the sample, the cell size distribution and the wall thickness distribution.
In this sense, to determine if every obtained sample has uniformly distributed pores, a section of 99 μCT image from each sample was imported to a 3D reconstruction using image analysis software, Mimics ®.
The reconstruction of the solid pore interface allows to extract every morphological three dimensional parameter: volume, surface area, aspect ratio, sphericity [9] and a comparison of these measures in every sample will allow to determine if homogeneity exist. In this work, given the geometrical complexity of the cells, the aspect ratio and sphericity of the pores was not measured, and instead of that, the volume and surface area of every metallic foam sample were obtained.
The total analyzed images represent a volume of 20mm x 20mm x 10mm, a half of the actual size of the sample. Since the prime purpose is to obtain a minimum meshed volume able to be representative of the foam, the µCT slices were sectioned looking for a rectangular region that at least has a completed and defined pore. Using crop tool, the sample with 0.5mm and 1.0 mm cell size were segmented into sixteen (16) parts, as shown in Figure 2 , and four samples with 2.0mm cell size were segmented into five (5) parts carrying out the same purpose, as shown in Figure 3 .
Once the 3D reconstruction of every box section was made, the surface area and volume were measured using Mimics measure tools and from each parameter an average was calculated.
An experiment was designed to compare the homogeneity of every box section for each cell size and was implemented using Minitab® software. The experimental factor was the foam zone and the experimental response variables for the Analysis of Variance (ANOVA) were surface area and volume. Experimental factor (foam zone) was divided in three levels: 1 (corners), 2 (boundaries), 3 (center), for 0.5mm and 1.0mm cell size as shown in Figure 2 . The experiment has more than one replicate for each level. Further, foam zone of 2.0mm cell size was divided in five levels as in Figure 3 . This segmentation ensures that there is at least one completed and defined pore in each part. Four 3D reconstruction of metal foam pore size 2.00 mm were carried out to ensure three replicates for each level. 
RESULTS
Taking into account the benefits of the non-destructive test to probe complex porous structures, this study goes beyond using 3D reconstruction in order to get every morphological three dimensional parameter. It allows to acquire detailed, quantitative, geometric data from the three samples.
As shown in Figure 4 In addition, a visual inspection of the μCT shows that the obtained cell shape differs markedly from foams made by other methods starting from powders, as showed by B. H. Smith [4] in the micro-structure sample made by oxide ceramic foam precursor and made by powder metallurgy.
. Experiment design for 0.5mm cell size can be observed in Table 1 . The experiment response variables were surface area and volume for each sample (0.5mm, 1.0 mm and 2.0mm cell size), percentage difference is the comparison between the foam zone section area and volume with the average from each sample. In addition, Table 2 and Table 3 shows examples of ANOVA for 0.5mm cell size, the first one has as response volume and the second one has surface area. From the analysis of variance (ANOVA) made with Minitab® it can be concluded that none of the factor levels are significant. The p-value reported is less than 0.05 for confidence percentage of 95%, this means that there is no statistical evidence that shows no homogeneity in the foam. Additionally, box and whisker graphs shown in Figure 5 are useful for comparing groups of data and prove that there is not effect of foam zone. The assumptions of normal distribution, equal variances, and randomization of the residuals were checked to guarantee the validity of the experiment conclusions, respective graphs are shown in the Figure 6 and Figure 7 . Table 4 and Table 5 show experiment designs for 1mm and 2mm cell sizes, respectively. The assumptions of normal distribution, equal variances, and randomization of the residuals were checked to guarantee the validity of the experiment conclusions. Table 6 presents a summary of statistical analysis, where results show that all means are equal with a significance level α = 0,05. As a result, there is no statistical evidence that shows no homogeneity in the foam. 
DISCUSSION
There are a number of studies on the effects of pore size on the mechanical properties of aluminum, titanium and magnesium and their alloy foams. It was found that the relationship between the compressive strength and the porosities is completely linear relation beyond the effect of pore size distributions on the mechanical properties [11] . Furthermore, it is worth noting that both the foam structure and the pore morphology depend on the fabrication method, utilized during manufacturing of the foams, which in turn determine the mechanical properties [12] .
Several authors had shown limited number of methods to produce open cellular structures that allow obtaining uniform pore distribution [12] . In order to probe complex porous structures, high resolution X-ray computed tomography (XCT) or MRI techniques have been used in recent years. Bekoz et al [12] , calculated the area of each pore on the SEM image and measured the pores size, shape and size distribution using Clemex Vision PE commercial image-analyzer software.
Saadatfar et al [13] , used tomographic imaging technique to distinguish small changes in density, pore size distribution and pore geometry/topology of samples of different precursor sizes and geometries, made under gravity.
In this study, taking into account that usually cellular materials having small bubbles with uniform size and spherical shape are guarantee for better mechanical properties, it was found that despite of irregular morphology of pores; the high uniformity in pores distribution obtained with the evaluated process and the presence of numerous channels between the cells, makes CDP foams a sort of materials with oustanding mechanical properties.
CONCLUSIONS
The manufacturing and reconstruction process guarantee to obtain physical and virtual foams with a homogenous pore distribution.
It is widely accepted that foams with a uniform pore distribution and defects free, are desirable. It is worth noting that foams made by Casting -Dissolution Process provide uniform pore distribution in an aluminum alloy foam. Furthermore, all sections of metal foams are a representative sample of the entire volume and make useful to evaluate mechanical properties of the foam using computational numerical models, as it was proved by statistical method.
Due to the destructive test disturb the cell structure, 3D image analysis is a worthy method to extract a range of geometrical and topological properties including porosity, pore volume, size distribution and cell connectivity, which are directly measured on the images. [3] YOUSSEF, S., MAIRE, E., GAERTNER, R. "Finite element modelling of the actual structure of cellular materials determined by X-ray tomography", Acta Mater., v. 53, n 3, pp. 719-730, Feb. 2005.
